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ABSTRAOT

OBJZCTz

The object of Project A 1.13, Agent MCI and Related Compounds,
is to study MCi and MI! and thedr analogs with a view to estimating
their effectiveness as CW agents.

The object of the work describe in this report was to measure
the various physical constants of MLI, particularly the vapor pressure-
temperature relationship, in order to make these data available to
investigators working on the various phases of this project.

EISULTS:

The physical constants of MCI are as follows:

.1O i.4P40
D

rormulA weight .......................... 16P.3

Parachor (P50C)............................ 359-

Freezing point (purest sample) ........... -50.00C.

Bolline point (extrapolated from vapor
pressure data) ........... . 46oC.

Heat of vaporization
Average values 35-95C ................. .900 cal./mol. or

79.6 cal./gram.

Temp. Vapor Pressure Volatilitx D Viscosity___ Surface Tension
aO. m. Hg mg. 1. 9. mI centi- centi- dynes/ci-,

___ ________ stokes poises_____
-10 - - 1o105 - -
0 - 1.096 - -

1o - - 1.07 3.00
15 - - 1.02 -
20 0.04 3 0.429 1.077 - -

25 o.ooi 0.612 1.073 2.19 P.35 32.o
30 0.100 0.58 1.06g 31.
35 0.14P 1.20 .o64 L67 L79 3
45 0.275 P.P5 - - -

The vapor pressure - temperature relationship is as follows;

loglO p = 8.305 - PPO where p a vapor presoure, mm. Hg.
T- T a temperature, OK.

The expansion to ;5C., and the density of crade MCS tapped from a P50 kg.
bomb, were measured, snd are in table 4.

CONCLUSIONS None.

RECOMENDATIONS: Wone .- .. . -

.. .. J. .. i -

&L
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PHYSICAL CONSTANT NO R

PROJICTI A 1.13 T.DM.R. 104

1. II!B1XJC!1ON"

A. Obj .

The object of Project A 1.13, Agent MCI and Related Con-
pounds, is to study MCI and FI and their analogs with a view to
estimating their effectiveness as CW Agents.

The object of the work described in this repprt was to
measure the various physical constants of MCI, particularly the vapor
pressure - temperature relationship, in order to make these data
available to investigators working on the various phases of this
project.

3. Authority.

The authority for the work described in this report t
Project A 1.13 of the Project Program for 7iscal Year 1946.

II. HISTORICAL.

Early in the spring of 1945 a number of captured German
bombs and shell were received at Edgewood Arsenal. When one of each
was tapped, both proveO to contain crude MCI. The bomb was the
P5O-kg. size, and conteinsd MO with approximately 5t of monochloro-
bensene. The shell (105-mm. howitzer) contained R1 with about 204
of monochlorobenrene. Samples of these materials were distilled by
personnel in the Chemical Divinion to obtain the pure agent for
study. Tests are now in progress on various phase. of this study,
and in order to supply background data for the testinj and evaluation
of the agent, the physical constants were determined and are reported
here.

IIP. RImlI4TAL.

A. Materials and Smuipment.

1. MC.

A number of samples of pure (twice-distilled) MCI
and one sample of the crude material from tke bomb were used in this
work. In addition, one sample of material synthesized at this Arsenal
by Capt. heggeberg (report in progress) was used. The results of
analysis of the pure samples are given in table 1.

By authority of
1.0,cw Tech. Go"



Table 1

Analyses of Pure MCI Samples Used Por Determination" of Physical

Ca1c. Yound

&WI WO U1063. 10. 161 1
Sas Ica, S 16.1 16.07 15.78 15.45 16.1g 1.23

Nitrogen, t 17.20 16.9g 17.00 16.65 16.78 17-05
Phosphorus, A 19.10 19.o~4 19.04 19.1? 18.76 -

S1.4239 1.443 1.39 1.142.40 i.4?o

0 1.4190 1.1415 1.4197 IA200

Chlorine . - - 0.12 nil

' This sample was synthesized at Idgewood Arsenal. The others were material twice
distilled from that in the P50-kg. bomb.

2. uj!ent.

The equipment is described under the separate tests
in Section III C, below.

B. Procedure.

The various procedures are descrites4n Section III C, below.

C. Results.

1. Vapor Pressure, Volatility, and Heat of Vaporization.

a. Transference Method.

The vapor pressure was measured at 25-550C. in a vapor-
transference apparatus, by bubbling nitrogen at measured pressure
through the agent in a triple-pass bubbler immersed in a water ther-
mostat. The procedure has been described in detail in numerous
reference texts. The specific apparatus and its manipulation hLve
been completely discussed by Pecorella and Macy (1). The values
obtained at first were erratic, due to the difficulty of weighing the
small quantities evaporated as a result of the low vapor pressure of
the agent and the short time of the run, and so were discards. The
later valueo were obtained by allowing the apparatus to run for 2
to 14 days at a time but even so the vluesat P50. were not consistent.
The expertmentel values so obteined are given In table P. Two
samples of MCI were used for the determination$, which are corrected
to mm. of Rg. at 00C.

_iPr



Table P

Experimental Values of Vqpor Pressure of MCF by the Air Transference
Method

Temp. Wt. loop Vol. of Pressure of Vapor Pressure
of MOE Nitrogen Nitrogen Sample MI063 Sample S-I4 Average".0c -- .MI. mm'_Eg. am. -H . mm.__ Hg . m .

25.0 0.0095 219So 760.0 o.1454
0.0137 2561o 760.0 0.0561
0.020 P664o 760.6 o0.796
0.0118 2620 761.2 0.43-

35.0 0.0297 20260 746.0 0.146
0.0292 20010 744.6 0.150
0.0236 17125 759.5 0.144 Oo16

'45. 0 0.0235 9720 760.0 0.254
0.0342 1 450 760.5 0. 43
0.0505 21320 761.6 0.29
o00342 116oo 742.0 0.270
0.0257 10060 761.5 o. P o6g

55.0 0.0355 6520 763.7 0.573
0.0385 83i0 762.5 o.4F7 o5 0_

The average values were obtained by averaging the determinations for each sample
separately, and then averaging those values.

" No average was calculated due to the inconsistency -.f the data.

b. Ramsay-Young Method.

This method is likewise a standard one described
in a number of texts. The essembly of arnaratus used for the work
here was taken directly from Reilly ane Rae (2). The essential feature
was P thermometer, the bulb of which was wrapped with absortent cotton
kept wet with the aient by means Of a eropnpinp funnel, placedin an
evacuated chamber immersed in .water thermostat. It was operated
by evacuatinp the chamber to a measured pressure, allowing time for
ecuilibrium, and ,eadinp the temperature. It war found that, due to
the low vapor pre wure of this agent, roliable results could only be
obtained if the temperature and prensure were held constcnt for about
an hour. Only two values were obtained by this method, as follows:

Temperature Vapo r P re st sure

6go9°0. 1o15 mm. Hg.
93o3' C- 3.7 mm. Hg.

c. Distillation Data.

The apparatus used by Rueggeberg to distill sample
S-.194 and one other only slightly les pure sample was one in which
the manometer was connected to the point in the system at which the
temperature was read. The dictillation temperature-prefsure data
were, in effect, vapor pressure data, and are included in the values
reportfd here at followz'

Best Available CoOn



Temperature Vapor Pressure

7P.5-73 0C. 1.5 mm.
86-97 (mostly 3 mm.

97)GC.

d. Average Values of Vapor Pre sure. Volatility and
Heat of Vaporizntion.

The values reported above for the vapor pressure
were averaged on a log p vs. l/T plot by the method of leapt squares
to give the following equation:

log p = 9.305 - ?20T

where log p = logarithm to the base 10
of the vapor pressure in
mm. Hg.

T = absolute temperature, 0K.

The veluep calculated from this eouation are given in table 1. The
check was quite good, an compnrison with table P or reference to
figure 1 will show.

The volatility of the MC was calculated from
the calculated values of vapor pressure by the ie.eal gas law and the
valuer are given in table 3.

The boiling point at .tmostpheric pressure (760
mm. Hg.) was likewvse calculated from the equation above, assuming
the plot of log p vs. l/T was linear to so high a value; the value
so obtained was P460C.

Table 3

Vapor Pressure of MCE Calculated from the Experimental Data by Method
of Least Squares

log P = g.30 5 - 220
T

Temperature Vapor Pressure Volatilit

20 of 0.0493 oP
P5 0.0701 o.61p
30 0.100 o5g
35 o.14P 1.20
45 0.275 P. 5

P46-3" 760

Normal boillin point, assuming the ecuAtion hols to 760 mm. Hg.

The heat of vpporivstion was calculated from the
odified Clapeyron-Clausius equation:

:' ~ ~~~BestAviae.C y

-py



rV.-

wherA In n lopAr~t-'n to the beiPe a of the
vapor nrrpure

Rv=het of' vnpori~ation, o&1./mol.
R POPa convtsnt, 1.907 ca1./oC./mol.

UJ~ing the ecuation for the valor preseure of MC3

or 1A P = 2. 303 (9-307 - FO

Hv 23 3 x 2 P x R =12,900 cal./n201.

eand the heat of vaporization per frpe- = 12,900 -*.162.3 =79.6 cal ./gr~n
It will be noted thp-t th esc nre the average valuer of ]aept of vai.jori.
zation over the rp.n,,e of' the experimentnI dnta.

P. Denflity of Pure nd Crude MCI.

The densi~ty of' both thf- nurp MCV, se th, cruede MCSfro-P the ?50--ke. tomb was meurf . ot vprioup tem~peraturet by eil~to-mater. The valuer or.- Pivs'n In tnbtle 4. Alro incl&c-d ;;re thp vieluefor the percent expnpnion fromi variour te~i-)frsturier t ;-'C, forure ir. filling cRlculstionr,. The rl-)t of' dmnrtty verFUA ter'iuersture,was lineer ovo-r the rnpob etxirie,



Table 4

Denpity of 1Pure Find Crude MCS

Temp. Pure MC1E Crude t4CF
(Sample M1067) (From 2i0-kit. bumb.

Sxptl. Values Exipanrion' Fxptl. Valuer, rexpi;n n e
Values from to 65C V1ue frtt 9C

0C. ot -- T p- I.Rl- 

-10 1.105 6. 6 " 1.119 .4
0 1.o96 5.79 1.109 56

10 1. og69(9. go) 1.097 ~ 4.9P l. ir(.rao RO 1.-100 47
15 .0AP 4.44 1.095 4P151.7 

3 q 1.091 3.90
P5 1 - 7 1( P4.0 00)1 073 3,57 1, o564(P~oc 1-096 3)43
30 1.06 3A 109 1. 09P 3; '5.
33 1-00'36 1.0;4' 7.70 1.0771 1.077 P-57
65 1. C, 1 - 1.050

*There vn1uer are relipl-le to t -'o vrid1icrnt f,' u re P

The freevine' ro~nt of two snmole. 3f YC.P wAP eeter-
minee by Btckmann techrnur using a toluene fillee t:herrmmt e r w--,',
was correct at ~J5 ~~(f~p. of m'onochlor--)Ien~en"). Eacit O.ter
miriation weip r-,,n in dti-1t.cnte, it wac! f-oune thrv't the mnt-rliI wnr
'Ifficult t- fieev Uri~-'ai~uttce'o'a~yrP ien ii~

were aeceed. Ti-r values obtair,& w'er- ar follows.

SAMPle Th-eefi 71[ J oint Oltainar, A tL~ Fre'K 7 F~i t

K' .O79 51 0; 5 ()50 O
S 194 *5 . -, -30 j,0-.DCC.

The Samn Je S .114 ce-.nm- to bo- rne-what more. plxr-. ,-n the ba-sis -f tho.
.A.hr free~int- point, s- wel1l rir on the basis of PtnP.ly-P' (t&e, 1)

The virorty of pure M)r was mca iroec ILy ^ann,-n
Fenske-Ostwald virroret, r, nt vqri-)ius temopratures. I hp. everi:i'ented
values Are piven in table 5. Esch vnlue is th-e Pvrapf- of' 1 5
separate eterminAtionit,

Vi scqfit f Furm CI
Ternpmrnture vi Fe ~

- C, Cent ik~P CentI ro!,s

10.n .00 3.~
P5,0 P.19 --15
35.0 1.67 1.79



5. SurfacotTenr'inn.

The wrurfacn tonrip,- wAr eeterminee on pure svm:)e
MIORI usine- a au ?Kouy int.irfac1il tenpiorn-tor calibrated !: the rneth.,,ci
of Mrcy ( 3). Tho vrlups were fo une to vpry little with temperature,

APe Tollowp:

TemperAturp Suree Tension

P5. )"C. 3P.r) dynei'/cm
10. 10C.31.9 dynes/cm.

IV. DI SCUSSION.

The parachor of MCF, wase calculated from the denrity ard
surfacd tension. In effect, thiie cnnstant ir a corrected molar voliume

p = MS1/4 molecular weight S1/
d

where F = Paraebor

M=molar volume

S =- surface tenrion, eyne'-/cm.

ThA vAlue calcultted for 1CG urin' thp values of e an S qt P5C
wag 15-R The cac~~vel'je ul p a ho ojnnt t'm"
4.- Glaustc'ie (L,) Ftnd Mumfore PnO Phillipr (5) was ';7 1- Thp en'ree
ment war, fAir enO Po confiris th'- known rtricrt-ire of the rrnterial

The refractive ire~ir'- w'orp eet(*rmined or, thp!-e rnmplevz
~the Analytical Branch, Jqr a contrOl P~roperty. The. vAlu-s at

^nC for the rod!um D Ir '."re r i o e00Apre-m.ot (taA',-e 1) for
Pl1 th- etnmrler, /plinp an Pavprrpe, flrur,- of 1-4P40, Tho vnlupr- t

-Ol.wpr- i Irorlrrt ei-. to ?i flir c< t of' to-in-ra~turo ne. >uolimi ty
control.

V CONCLUSIONS None.

VI. -'CONKENDAT 101;S. !.on P
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